Rationale: Secondary hyperparathyroidism (SHPT) is often complicated with chronic renal failure. Though the total parathyroidectomy (TPTX) with forearm autotransplantation (FAT) has been commonly used to treatment refractory renal SHPT, the recurrence of SHPT is not infrequent, resulting from hyperplastic autograft, remnant parathyroid tissues, and supernumerary parathyroid gland (SPG).
Introduction
Hyperparathyroidism is usually classified primary, secondary, and tertiary. [1] Secondary hyperparathyroidism (SHPT) is a major complication for patients with chronic renal failure on long-term dialysis. [2] SHPT is characterized by an increase in the intact parathyroid hormone (iPTH) synthesis and secretion and progressive hyperplasia of parathyroid gland, which can lead to high-turnover bone disease, interstitial and vascular calcifications, and as well as cardiovascular morbidity and mortality. [3] For the patients with severe SHPT which is no response to medical treatment, the parathyroidectomy is generally considered and may improve biological parameters, relieve clinical symptoms, such as bone and joint pain, itching, muscle weakness, psychological irritability and easy fatigue, and reduce mortality. [4] Unfortunately, early surgical failure with persistent disease may occur in 5% to 10% of patients and recurrence reaches 20% to 30% at 5 years. [5] The common causes for persistence or recurrence, leading to inevitable reoperation, are attributed to the hyperplastic autografted tissue, remnant parathyroid tissues left in the neck, and/or the presence of ectopic or supernumerary parathyroid glands (SPGs) missed in initial operation. [6, 7] Herein, we reported an unusual case of recurrent SHPT caused by adenomatoid hyperplastic autografts coexisting with supernumerary parathyroid adenoma (SPA) after total parathyroidectomy (TPTX) with forearm autotransplantation (FAT).
Case report
A 67-year-old Chinese man was admitted to our hospital with bilateral ankle joints pain for 1 month and progressively elevated serum iPTH from 176 to 1266 pg/mL (normal, 15.0-65.0 pg/mL) for 8 months in November 2017. He had a history of polycystic liver and kidney disease for 24 years, hemodialysis for 16 years, and left nephrectomy for infection for 5 years, respectively. He had undergone the TPTX+FAT 4 years previously for renal SHPT, in which total 4 parathyroid glands were excised and then confirmed as hyperplasia histopathologically, and about 30 mg tissues of the left upper parathyroid gland implanted into right forearm at the same time (Fig. 1) . Postoperatively, he received regular hemodialysis with active vitamin D supplements of Rocaltrol treatment.
Physical examination revealed a subcutaneous mass with about 3 cm in diameter in autografted site of right forearm. The serum iPTH in right forearm was >12,500 pg/mL. The serum calcium and phosphate was 2.61 mmol/L (normal, 2.03-2.54 mmol/L) and 1.65 mmol/L (normal, 0.87-1.45 mmol/L), respectively. Based on this, the autograft-dependent recurrent SHPT was clinically taken for granted.
99m Tc-sestamibi dual-phase imaging with single positron emission tomography (SPECT)/ computed tomography (CT) was further performed for preoperative re-evaluation. The images revealed an unexpected nodule (1.5 Â 1.2 cm) in suprasternal fossa, besides a nodule (2.5 Â 1.0 cm) in autografted site, accompanied with intense radioactivity (Fig. 2) . Subsequently, these nodules also were confirmed in cervical contrast-enhanced CT and ultrasonography of right forearm, respectively. The findings suggested that it might be a coexistence of hyperfunctional autograft and SPG.
One month later, reoperation for removing the nodules in autografted site and suprasternal fossa was performed and the Tc-sestamibi parathyroid dual-phase scan (A, B) revealed intense radioactivity at the middle-lower region of the right thyroid lobe (black arrow) and cervical contrast-enhanced computed tomography (C) showed multiple enhanced nodules behind thyroid gland (right lower: 3.0 Â 2.5 cm, white arrow) before initial surgery. Hematoxylin-eosin stain (D, Â200) confirmed the nodules as parathyroid hyperplasia.
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Medicine adenomatoid hyperplastic autograft with SPA was proven through histopathology ( Fig. 3) . Afterwards, he went on regular hemodialysis 3 times a week with active vitamin D supplements of Rocaltrol. During 12 months of follow-up, the joints pain improved obviously and the serum iPTH, calcium, and phosphate level ranged from 30.1 to 442 pg/mL, 1.96 to 2.86 mmol/L, and 0.81 to 2.68 mmol/L, respectively. This case was approved by the research ethics committee of our 
Discussion
Up to now, although the optimal surgical procedure is still controversial to treat refractory renal SHPT, the TPTX+FAT, involving resection of all parathyroid tissue and immediate transplantation of parathyroid autograft into the nondominant forearm muscle, and subtotal parathyroidectomy, involving resection of all but a 50 mg remnant of an in situ parathyroid gland, are widely used and there are no significant differences regarding the efficacy and recurrence rate between them. [2, 8] TPTX+FAT is recommended in a patient who has to continue hemodialysis for long periods after the operation, because of being easier and safer to remove the enlarged parathyroid autografts from the forearm at recurrence compared with neck re-exploration. [9, 10] In fact, the risk of persistent or recurrent SHPT cannot be negligible after TPTX+FAT, resulting in a reoperation. [6, 7, 9, 10] Tominaga et al [6] reported that persistent renal SHPT was identified in 4.2% patients (49/1156) after initial TPTX+FAT and 42.8% (21/49) of them required reoperation. Yumita et al reported that 40 of 155 hemodialysis patients developed recurrent or persistent renal SHPT after TPTX +FAT. [7] Therefore, it is very important to remove all parathyroid glands at the initial operation and to choose adequate parathyroid tissue for the autograft, in order to prevent persistent and recurrent renal SHPT. [9] In clinical practice, parathyroid scintigraphy with 99m Tcsestamibi is often recommended to preoperatively locate the hyperfunctional parathyroid glands in patients with hyperparathyroidism. [11] [12] [13] [14] Compared with planar imaging and SPECT alone, SPECT/CT can yield higher accuracy of localization and fewer false-positive findings for parathyroid adenomas. [15, 16] In patients with recurrent SHPT after surgery, the dual-phase parathyroid and autograft imaging combined with SPECT/CT may clearly locate hyperfunctional parathyroid lesions, particularly for ectopic parathyroid adenoma or SPA. [17] [18] [19] Indeed, through 99m Tc-sestamibi imaging with SPECT/CT, we had located the unexpected SPA in suprasternal fossa and hyperplastic autograft of right forearm in present patient, and then the surgical resection was guided precisely. Lately, Thanseer et al [20] reported that compared with ultrasonography and 99m Tcsestamibi imaging with or without SPECT/CT, the 18 F-fluorocholine positron emission tomography/CT imaging was superior for accurate preoperative localization of parathyroid adenomas, especially for ectopic or small parathyroid lesions.
It is well known the lesions responsible for persistent or recurrent renal SHPT are mainly the parathyroid autografts, as well as in some cases previously undetected residual or ectopic parathyroid glands, including SPGs. [6, 7] Neyer et al [21] reported that intraoperative tissue selection with a stereomagnifier may help to identify autograft tissue with optimal functional characteristics and a low proliferative potential, thus minimizing the recurrence of hyperparathyroidism. Moreover, parathyroid scintigraphy may also help surgeons to choose the most appropriate gland to be partially preserved because the use of parathyroid tissue with high 99m Tc-sestamibi uptake intensity might represent a higher risk of recurrence. [13] For our patient, the appropriate autograft tissue was chosen from the smallest parathyroid gland without intense radioactivity in initial surgery, but recurrence is still inevitable. In the last decade, some researchers thought that TPTX+FAT should be abandoned as a treatment of renal hyperparathyroidism, because of frequent recurrence. [8] Recently, a systematic review showed that alone TPTX was superior to TPTX+FAT, while referring to the rate of recurrent renal SHPT. [4] Even so, it needs to be further evaluated whether TPTX without FAT is a feasible alternative surgical option for the refractory renal SHPT.
SPGs are reported to be found in 13% of random autopsies, which can explain the postoperative persistence or recurrence of renal SHPT. Accordingly, 30% (87/290) of patients with renal SHPT presented SPGs during initial surgery and 32% (8/25) of reoperative patients with persistent or recurrent renal SHPT were attributed to SPGs. [22] Typically, Hines and Gordon [23] reported that a total of 8 parathyroid glands were removed in a patient with SHPT during 3 neck explorations over a 3-year period. The most common location of SPGs or ectopic parathyroid glands is the thymus. [24] The intrathymic parathyroid glands were resected in 44.5% (205/461) of patients with renal SHPT during initial surgery, which were ectopic in 181 (39.3%) and supernumerary in 30 patients (6.5%). The frequency of intrathymic SPGs was 7.4% (29/392) in permanent hemodialysis patients. [25] During reoperations, SPGs were also mainly found to be located in thymus, as well as retroesophageal grove, carotid sheath, and mediastinum. Therefore, thymectomy is essential in patients with fewer than 4 parathyroid glands identified at typical positions and can be recommended routinely in patients on permanent hemodialysis during the initial surgical exploration to prevent recurrences arising from anterior mediastinal glands. [22, [24] [25] [26] Unfortunately, though total 4 parathyroid glands were removed, thymectomy was no performed in initial surgery in our patient, because of ignoring the fact that he had to receive permanent hemodialysis postoperatively, leading to SPA formation.
Although the common cause of recurrence involve in autografts or SPG, the recurrent renal SHPT caused by a coexisting of both them after TPTX+FAT is still very rare. To our best knowledge, only 3 cases (including present patient) were reported in the literature to date, and the SPG was located in the region of thymus in 2 cases of them. [17, 27] Hindie et al [17] reported a 59-year-old woman with recurrent renal SHPT attributed to hyperplastic autografts and intrathymic SPG 16 years after TPTX +FAT and 4 years after autografts ablation. Yeh et al [27] reported a 42-year-old woman with rapidly recurrent renal SHPT originating from both multinodular hyperplastic autografts and residual parathyroid gland behind thyroid within 15 months after TPTX+FAT. It might be the major reasons for recurrent renal SHPT that autografts hyperplasia was simulated by the cumulative exposure to the uremic environment, including uremia itself and disorders of calcium, phosphate, or vitamin D metabolism under permanent hemodialysis after initial surgery in these patients, likewise for underlying SPG hyperplasia. [27] 
Conclusion
Although rare, the recurrent renal SHPT may be caused by hyperplastic autograft coexisting with SPA after TPTX+FAT. The 99m Tc-sestamibi parathyroid imaging with SPECT/CT is an useful modality for locating the culprits of recurrent renal SHPT before reoperation. To prevent recurrence of renal SHPT, the nowadays initial surgical procedures of parathyroidectomy should be further optimized in patient on permanent hemodialysis. 
